The breakup temperatures for central Au 1 Au collisions at 35A MeV have been determined from the relative populations of excited states of 5 Li, 4 He, and 10 B fragments and nine double ratios involving the yields of elements with 1 # Z # 6. Unlike results reported at significantly higher energies, all thermometers yield temperatures that are consistent within the experimental uncertainties. Extrapolation of the data to zero impact parameter yields T em 4.6 6 0.4 MeV, somewhat lower than the temperature assumed in statistical multifragmentation model calculations which describe most of the other features of this reaction. [S0031-9007(97)02589-1] PACS numbers: 25.70.Ef, 25.70.Pq Theoretically, there is little doubt that infinite nuclear matter undergoes a transition from a liquid to a gaseous phase and supports a mixed phase equilibrium at temperatures up to about 17 MeV [1, 2] . Recent experimental evidence for the onset and decline of fragment production with increasing incident energy [3] or deduced excitation energy [4] and the observation of short fragmentation time scales [5, 6] reveal many of the necessary conditions for mixed phase equilibrium to be met in present experiments. Despite these promising indications, information about freeze-out temperature and density for bulk disintegrations is necessary to proceed with the accurate extraction of thermodynamic quantities from such collisions. Tests of the validity of the assumption of local equilibrium at freeze-out are necessary to discern nonequilibrium and dynamical effects.
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Recent investigations reveal that approximately ten intermediate mass fragment (IMF's: 3 # Z # 20) are produced in central Au 1 Au collisions at E͞A 35 MeV [7] . Exceedingly flat charge distributions are observed [7] which calculations predict to be a consequence of the destabilizing Coulomb interaction [8] . Both fragmentfragment correlations and fragment kinetic energy spectra are reasonably well described by the Coulomb driven breakup of a single thermalized source [6, 7] . These observations have been reasonably well reproduced by statistical multifragmentation model (SMM) [9] calculations wherein the fragments are produced via a bulk multifragmentation at a density of r 0 ͞6 # r # r 0 ͞3 and a temperature of T ഠ 6 MeV [6] . Tests of the validity of such models, however, are more stringent if the assumed values of the temperature, density or both can be constrained experimentally. In this Letter, we provide constraints on the assumed breakup temperature of this Au 1 Au system via measurements of excited state populations and isotope ratios.
The experiment was performed by bombarding a 5 mg͞cm 2 Au target with the 35A MeV Au beam of the National Superconducting Cyclotron Laboratory at Michigan State University (MSU). Charged particles were detected in the combined Miniball-Multics array [10, 11] , which has a geometric acceptance of greater than 87% of 4p.
Light charged particles and IMF's were detected at 3 ± , u lab , 23 ± in the Multics array of 44 gas-Si-CsI telescopes [11] . The position-sensitive Si detector in each Multics telescope provided a two-dimensional angular readout with an angular resolution (0.27 ± for 5.8 MeV a particles) sufficient for extraction of the excited state populations of emitted fragments. The dynamic range of the electronics for the Multics array was optimized to provide maximum isotopic resolution for 1 # Z # 6 and isotopically resolved yields could be determined for emitted 1,2,3 H, 3, 4, 6 He, 6, 7, 8, 9 Li, 7,9,10 Be, 10, 11, 12, 13 Light charged particles and fragments with 1 # Z # 20 were detected at 23 ± , u lab , 160 ± by 158 fast plastic-CsI phoswich detectors of the MSU Miniball array [10] . Following Ref. [7] , we assumed that the charged particle multiplicity N C detected in Miniball array depends monotonically upon the impact parameter
and assigned a mean "reduced" impact parameter,b, to each data point using Eq. (1). Here, P͑N C ͒ is the probability distribution for the charged particle multiplicity for N C $ 3, and b max is the mean impact parameter with N C 3.
Temperatures determined from the relative yields of different decay channels [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] have the advantage of being insensitive to collective motion [22] and Coulomb barrier fluctuations [23] . However, these temperatures do require corrections for secondary decay [13,17 -20] . These corrections are more problematic for the relative isotope yields because of their sensitivity to the uncertainties in the isotopic composition of the system at breakup [24] [25] [26] . These effects do not strongly influence the excited state populations [26] . To cross check the isotope yield temperatures and to test the attainment of local thermal equilibrium, the relative excited state populations and the isotopic abundances of fragments with 3 # Z # 6 were compared. At higher incident energies, isotope ratios have yielded higher temperatures (up to T ഠ 15 MeV) [16] than have the excited state populations [21] ; temperatures extracted from the latter have not exceeded T ഠ 6 MeV [14] . A broad impact parameter gate 0 #b # 0.45 is needed for this comparison because yields of fragments in specific highly excited states are small compared to the yields of stable nuclei. After extracting comparable temperatures with the two methods, the statistically more precise isotope ratio data are extrapolated tob ഠ 0, where previous analyses suggest that fragment emission is dominated by a single source [6, 7] .
Models which describe the statistical decay of thermalized nuclear systems [12] [13] [14] predict that prior to the secondary decay of the excited fragments, the ratio R ij of states i and j of a specific fragment should be given by
where Y i is the measured yield, E ‫ء‬ i is the excitation energy, and J i is the spin of the state i. Following techniques described in Refs. [13, 14] , relative populations of specific states of 5 Li, 4 He, and 10 B fragments were measured by detecting the coincident decay products and an "apparent temperature" T app was obtained for each ratio by inverting Eq. (2). The leftmost data point in the left panel of Fig. 1 Following Albergo et al. [15] , chemical potential effects were eliminated by constructing double ratios R Iso from the yields of four isotopes to obtain an apparent temperature, T app R Iso exp͑B͞T app ͒͞a ,
where Table I and shown in the right hand panel in Fig. 1 are the corresponding "apparent temperatures" obtained by inverting Eq. (3). The uncertainties reflect the changes in R Iso obtained by choosing different gates on the velocity of the emitted fragments in the center of mass and by considering the sensitivity of the isotopic yields to uncertainties in the precise placement of the isotope gates. The fluctuations in the apparent temperatures from ratio to ratio, shown in Fig. 1 , are not a manifestation of nonequilibrium effects but instead are the direct consequences of the secondary decay of highly excited fragments whose decay feeds the measured yields. We have used sequential decay calculations to calculate the modi- fications to the initial populations of excited states caused by the sequential feeding from heavier particle unstable nuclei. In these calculations, the excited states of primary emitted fragments are populated thermally, and then allowed to decay, using approximations outlined in Refs. [13, 18, 20, 26] . Unknown spins or parities of low lying discrete states were assigned randomly and the calculations were repeated to assess the sensitivities of the population probabilities and isotope ratios to these spectroscopic uncertainties. This unknown spectroscopic information contributes a 5% uncertainty to the calculated ratios. An additional 8% uncertainty stemming from the unknown isotopic composition of the emitting system at freeze-out was assessed by varying the assumed N͞Z ratio of the decaying system. These are the major uncertainties that our investigation has shown to influence the secondary decay corrections [20, 26] . These calculations were performed for initial temperatures ranging from 2 to 6 MeV and the agreement between theory and experiment was assessed by calculating corresponding values for the reduced x 2 using the expression ratios and excited state populations for 0 #b # 0.45. The calculated x 2 n curves are asymmetric reflecting a gradual reduction of the sensitivity of R calc ͑T em ͒ to T em with increasing temperature [26] . From the shape and minima of the calculated curves, best fit values of 4.4 6 0.2 MeV and 4.2 6 0.6 MeV [27] are determined for the isotope ratios and excited state populations, respectively; this indicates that the two thermometers provide equivalent information at E͞A 35 MeV, in contrast to the results reported [16, 21] at significantly higher energies. The best fit values for the calculated apparent temperatures, shown as the open points in Fig. 1, well reproduce the experimental data.
This good agreement implies that the ensemble of emitted particles are well described by the assumption of local thermal equilibrium provided that T em is not strongly impact parameter dependent. To investigate this impact parameter dependence using the higher statistical precision of the isotope ratio data, we analyzed the apparent isotope temperatures as a function ofb for gates onb ofb ഠ 0.08, 0.16, 0.25, 0.35, 0.45 6 0.05 and observed an approximately linear dependence of R Iso uponb and obtained the values listed in Table I forb ഠ 0 via straight line extrapolation.
The minimum in the corresponding x 2 n function for b ഠ 0, shown in the lower panel of Fig. 2 , provides a temperature of T em 4.6 6 0.4 MeV [27] , which is similar to the result at 0 #b # 0.45. This indicates a weak impact parameter dependence of T em consistent with, but not requiring, dominant emission by a central participant source formed by the overlap of projectile and target nuclei. Significant differences between an ideal measurement at zero impact parameter and the present data atb ഠ 0 are rendered unlikely by this weak impact parameter dependence even though impact parameter scales become imprecise at small impact parameters. Finally, the extracted value T em 4.6 6 0.4 MeV atb ഠ 0 is comparable to values obtained for other multifragmenting systems [18, 19] .
In summary, we have measured breakup temperatures for Au 1 Au reactions at 35A MeV. Temperatures extracted from isotope ratios and excited state populations are virtually the same for a broad impact parameter gate of 0 #b # 0.45 consistent with the attainment of local thermal equilibrium. Extrapolating these measurements tob ഠ 0 yields a breakup temperature of 4.6 6 0.4 MeV, somewhat lower than that assumed by SMM calculations which reproduce well the other experimental observables for this reaction. 
